Background. In the end stage heart failure (HF) patients with moderate to severe tricuspid regurgitation (TR), the surgical decision for tricuspid valve (TV) repair during left ventricular assist device (LVAD) implantation surgery is not clear. Methods. We included 31 patient with end-stage heart failure and moderate to severe TVR (≥II degree) to our retrospective study analysis. 19 patients received TV annuloplasty during LVAD implantation (TVR+ group), whereas 12 patients didn't (TVR-group). Demographic, clinical and echocardiographic parameters were assessed in both groups preoperatively and 1 month after surgery. Overall 12 months survival was analysed with Kaplan -Meier method and compared between groups. Results. Inhospital or 30 days mortality rate in TVR+ and TVR-groups was 21.1% and 8.3%, respectively (p=0.624). The overall survival rates up to 12 months did not differ between groups (75% vs 57.89%, p=0.452). TV regurgitation grade was reduced significantly after LVAD implantation with (p=0.001) and without TV repair (p=0.008). Dimensions of RV and right atrium decreased in TVR+ group (p<0.001). The size of RV did not change significantly in TVRgroup postoperatively, however, the diameter of right atrium reduced significantly in this group (p=0.01). Systolic and mean pulmonary artery pressures decreased significantly in both groups of patients. 
Introduction
Owing to donor heart shortage, left-ventricular assist devices (LVAD) are increasingly used as a bridge to heart transplantation in patients with end stage heart failure. In some patients, end-stage left ventricular dysfunction is associated with hemodynamically significant functional tricuspid valve (TV) regurgitation leading to further dilatation of the right heart chambers, progression of right ventricular dysfunction [1] . LVAD implantation usually results in unloading of left ventricle and a consecutive reduction in mitral and tricuspidal regurgitation grade. Some studies result that, in case of LVAD implantation, the concomitant TV repair (TVR) has no benefit regarding clinical outcome [2] . Other authors conclude that TV reconstruction reduces the incidence of postoperative right heart failure (RHF) and does not increase the operative risk [3, 4] . However, the surgical decision for TV repair together with LVAD implantation in end staged heart failure patients with moderate to severe functional TV regurgitation remains not clear.
The aim of our study was to analyze 1-year survival and echocardiographic parameters of right ventricle (RV) size and function in patients after LVAD implantation with or without TV annuloplasty.
Materials and methods
The study group consisted of retrospectively included 31 patient with end-stage heart failure and moderate to severe TR treated from 2009 through 2017 in the Hospital of Lithuanian University of Health Sciences Kaunas clinics. 19 patients received TV annuloplasty during LVAD implantation (TVR+ group), whereas 12 patients did not (TVR-group). Demographic, clinical and echocardiographic parameters were assessed in both groups preoperatively and 1 month after surgery. Conventional echocardiographic measurements were obtained according to recommendations of American Association of Echocardiography [5, 6] .
All LVAD implantations were performed via median sternotomy and with cardiopulmonary bypass (CPB). Patients with concomitant TVR underwent bicaval cannulation for total CPB. TV annuloplasty was performed using suture annuloplasty technique at the level of the anteroposterior and posteroseptal commissures. Regarding the magnitude of the TV annular compression was made by using modified De Vega method.
Statistical analyses were performed using the SPSS 21.0 software. Data are presented as mean ± SD for continuous variables, and as frequencies and percentages (%) for categorical variables. Differences of characteristics between groups were calculated using "Wilcoxon rank-sum" test. The value of p <0.05 was considered as statistically significant. Overall 1 year survival was analysed with Kaplan -Meier method and compared between groups.
Consent for the study was obtained from local bioetics committee (No. BEC-MF331).
Results
Baseline characteristics and perioperative parameters. Baseline characteristics of the study groups are given in Table 1 . The age, gender, body surface area, NYHA functional class, medicamental heart failure treatment did not differ between groups. The prevalence of dilated and ischaemic cardiomyopathy, concomitant diseases (arterial hypertension, diabetes mellitus, atrial fibrillation) was similar in both groups of patients.
Three types of LVAD were implanted: 54.8% of the patients received Heart Mate II, 16.1% -Heart Mate III and 29.1% of the patients -Thoratec paracorporal type LV assist device. Types of implanted LVAD did not differ between the groups. Compared with the TVR− group, operation time and CPB time were not significantly longer in the TVR+ group (266.00±56.46 vs 253.53±49.46 min, p=0.57 and 145.55±25.70 vs 137.6±48.0 min, p= 0.63 respectively).
Primary end points. During the study period 11 patients died after LVAD implantation: 3 patients (25.0%) in the TVR-group and 8 patients (42.11%) in TVR+ group. Causes of death in the TVR-group were sepsis (n=1), cerebrovascular adverse events (n=1), multiple organ failure (n=1). In the TVR+ group the causes of death were multiple organ failure (n=4), sepsis (n=2), cerebrovascular adverse events (n=2). 6 patients (31.58%) had been transplanted in TVR+ group and 4 patients (33.33%) -in TVR-group (p=0.919). The overall mean duration of left ventricular assist device support before transplantation did not differ between the groups -175.67 ± 40.10 days for the patients in TVR+ group and 297.67 ± 76.60 days for the patients in TVR-group (p=0.196).
Early postoperative mortality rate in TVR+ and TVRgroup was 21.1% and 8.3% respectively (p=0.624). The overall survival rates up to 12 months did not differ between groups (75% vs 57.89% p=0.452). (Figure 1) .
Analysis of echocardiographic data. LV end diastolic diameter reduced in all patients after LVAD implantation. TV regurgitation grade decreased significantly in both groups after LVAD implantation. RV size and the diameter of RA diameter decreased significantly after LVAD and TV repair (p<0.001). The size of RV did not change in the group without TV repair (p=0.58).
Systolic and mean pulmonary artery pressures decreased significantly in both groups. The indices of RV longitudinal function (TAPSE, S') were reduced preoperatively and did not change after LVAD implantation with and without TV repair. Changes of echocardiographic data between groups are presented in Table 2 .
Discussion
Patients with advanced heart failure and coexisting valvular heart disease who undergo LVAD implantation constitute a growing population with challenges in clinical and surgical management. This group of patients develop symptoms of biventricular failure with dilatation of both ventricles. Dilatation of the RV leads to tricuspid annular dilation, apical leaflet displacement and reduced coaptation length, progression of functional tricuspidal regurgitation. Several studies revealed that almost half of patients with end staged heart failure have moderate to severe TR that further contributes to RV volume overload and progression of RV dysfunction [3, 7] . Piacentino V., as well as Kormos RL. et al. showed that worsening RV failure after LVAD implantation is associated with reduced survival [3, 8] , that's why TV pathology remains a major concern at the time of surgery.
Several studies demonstrated that LVAD therapy reduces LV end diastolic pressure and pulmonary pressures. This decreases RV afterload, can normalize right heart hemodynamics, improve RV function and reduce the grade of TR [16] . Krishan firmed this data: qualitative RV function on echocardiography improved from 57.1% moderately or severely reduced pre-operatively to 38.1% at 1 month (p = 0.008) and severity of TR decreased from 11.4% moderate or severe pre-operatively to 4.8% at 1 month (p < 0.001). These improvements were maintained at 6 months post-LVAD implantation [9] . In contrast, Holman. et al. found that TR even worsened and that RV dilatation persisted after LVAD implantation [10] . Westaby S. added that even when an LVAD reduces pulmonary artery pressure, tricuspid insufficiency tends to be progressive in the long term, eventually reducing transpulmonary flow and pump output and that this is problematic for destina-tion therapy patients who survive for several years and whose pump output falls when tricuspid regurgitation worsens [11] . Our study revealed that systolic and mean pulmonary pressures decreased significantly in all patients after LVAD implantation. The grade of TR, as well, as the right atrium reduced significantly in both groups.
Our study results are consisted with the data from Maltais. et al study, that reported evidence of reverse RV remodelling [12] . This study also found the improvement of RV function after LVAD with concomitant TV surgery, though data are lacking to inform us, whether these early changes translate into differences in long-term outcomes. Our study results did not show the improvement of the longitudinal RV free wall function after LVAD implantation with or without TV annuloplasty.
Our data demonstrated the safety of tricuspid annuloplasty in the setting of LVAD implantation -TV repair did not take more than 20 min (266.00±56.46 vs 253.53±49.46 min, p = 0.57) and did not add time substantially to duration of cardiopulmonary bypass (145.55±25.70 vs 137.60±48.00 min, p=0.635). Early postoperative mortality was not statistically different between groups (p=0.624). These results are in agreement with Krishnan K. et al study findings. They found that TV repair did not increase the operation time significantly and demonstrated similar hospital mortality in both groups (TVR+ 18.9% versus TVR-14.2%; p = 0.7) [4] . Pal JD. et al also confirmed these findings -concomitant valve procedures did not increase operative mortality after HeartMate II implantation, the overall 30-days mortality was 11.8% for LVAD implantation and concomitant valve procedures [13] . Some studies present different results -Saeed D. et al. showed that TVR+ group had a longer cardiopulmonary bypass time (p<0.01) and higher percent of postoperative complications were found in this group of patients, though there was no significant difference in short-or longterm mortality between the groups [2] .
There are very limited data provided in any of the studies on long-term outcomes. The data from the HeartMate II trials reported no difference in 1-year (77% vs. 75%) survival in patients treated with LVAD and TV repair vs LVAD alone [14] . Song HK. et al presented the INTERMACS Registry results of 989 patients, who underwent LVAD implantation with moderate and severe TR. It was concluded that moderate to severe TR at the time of LVAD implantation was associated with poorer survival over entire follow up period (p=0.009). But interestingly, concomitant TV repair did not improve 48 months survival (p=0.83). A potential explanation for this finding was that late recurrent TR developed in 21 to 27% of the TVR+ group patients [15] . Our study results are in agreement with these data presenting similar overall survival rates up to 12 months between groups (75% vs 57.89%, p=0.452).
Conclusions
Pulmonary artery pressures decreased in all patients after LVAD implantation, while the diameter of RV reduced significantly in patients after concomitant TV repair. Early postoperative mortality and 1 year survival rates did not differ between end stage heart failure patients after LVAD implantation with or without TV annuloplasty.
Limitations
Our data are limited by the relatively small sample size, retrospective design, and non-randomized allocation.
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